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® Flbre-Tdinforced composites. 

® A compostt» comprising two or more layers of flbre-reifrforced. CfossJInted ep<»cy ~f • .^'j^^^J"^^'^ 
VyBTS of *e reinforced, ciwsliftked epoxy resin are interspaced v«ih a layer of a thermoplastic f^fy^^''"^ 
KoS^c pilymer ^^mpHses a lin^ polymer of carbon monox.de with one or more ^^^^^^^^^^'^^ 
oSI^nds. vSterein the monomer units orlBinafing in carbon monoxide and the monomer units originating .n 
olefinicaliy unsaturated compounds, are present in an aitamating anrangement 



CM 



CO 
CO 



o. 

UJ 



Rank XonW (UK) BiisinCS* Socviees 



PAGE78j85'RCVDAT1/18l2005 2:M:38PM[EastemStandardTime]*SVR:USPTO{F}(RF-1/r' ' DURATION (min-ss):44-06 



01/18/2005 15:81 7814819366 



DCM, LLP 



PAGE 



EP 0 636 472 Al 



The present inventron relates to fibre-reinforced composites and more in particular to such composites 
comprising two or more layers of a fibre-reinfbrced. crosslinked epoxy resin« wherein the adfjacertt epoxy 
resin layers are interspaced with a layer of a thermoplastic resin, lo the preparation of said composites and 
to Iheir use. 

5 Reinforced composites or compostie materials have many excellent propenies such as high specific 
strong I englneerapllity and low energy content, but they also have a number of limitations. As these fit>re- 
reirrforced composite materials are generally characterised by a high stiffness, bending of such composites 
will induce high shear stresses in planes parallel to the principle fibre direction. When the compositas are 
submitted to impact testing they show an ur^oeptable degree of delamination* it is generally understood 
. ro that this problem is related to the insufficient ability of the composite materials to dissipate the impact 
energy. 

It has been proposed to improve the performance of the fibre-reinfbrced compositss ae described 
hereinbefore. Including the damage-tolerance of said composttes. by reducing the crosslink density of the 
polymer matrix or by Incorporating therein an elastomeric conipound- Howler these methods do, in 

^6 general, not provide the desired results. 

Another known modification for said reinforced composites comprises the naplacement of the thsrmoset 
matrix by a th^mr^opJastic one. Although said method improves thcs strain resistance of the polymer matrix, 
compression strength is simuttaneously reduced to an unacceptabty low level, due to the generaJly lower 
stiffness of the ttiermoplasttc matrix. 

so Yet another method for improving the overall performance of the fibre-reinforced, crosslinked epoxy 
resin composHee comprises the insertion of a thermoplastic film, ftir example, made from Nylon-6. between 
the different layers of reinforced epoxy resin during the preparation of said composites. However, with this 
method It has been experienced that the perfomiar^ce is hampeted by insuffident adhesion between the 
thermoplastic interlayer arxf the thermoset matrix. 

2S Hence It can be concluded that there still is a need to improve the overall performance of fit>re- 
reinfOfcedp crosslinked epoxy resin composites. 

The problem underlying the prasent invention is to develop a fibre-reinfbrced, crosslinked epoxy reSin 
based composite, which does not suffer from one or more of the problems described hereinbefore, 1^. a 
composits heving an improved overall perfonmance. 

3Q As a result Of extensive research and experimentation it was suiprfsingly found possible to prepare a 
fibre-reinforced, crosslinked epoxy resin based composite having such an Improved performance, by 
inserting between adjacem layers of fibre relnfbreed epoxy resin a layer of a linear polymer of carbon 
monoxide and one or more oleflnlcaify unsaturated compounds, wherein the monomer units originating in 
carbon monoxide arxi monomer units originating in the olefinlc ufisaturated compounds are present in an 

ss alternating arrangement The resulting fibre-reinforced composite is novel. 

AcconJingly the invention provides a composite comprising two or more layers of a fibre-reinforced, 
crosslinked epoxy resin, wherein adjacent layers of the reinforced epoxy resin are interspaced with a layer 
of a themnoplastlc polymer, which themnoplastic polymer comprises a linear polymer of carbon monoxide 
with one or more olefinically unsaturated compounds, wherein the monomer units originating in carbon 

40 monoxide and the monomer urtits originating in the oiefinically unsaturated compounds are present in an 
alternating arrangement 

In the context of the present invention the term epoxy resin refers to a compound, having on average 
more than one a-epoxide group per molecule, and which can be converted to a thermoset product. 

The epoxide group is preferably a glycidyl ether or a glycidyl ester group, the glycldyl ether groups 
45 being especially preferred- Suitable epoxy resins include diglyctdyl ethers of diphenylol propane, poly- 
glyCfdyl ethers of novolac resins, di- or polygtycidyl ethers of ott^er di- or polyfunctional aromatic hydroxy 
compounds and dl- or potyglycidyl esters of dl- or polycarboxyltc adds, which acids include aliphatic and 
aronnatic di- or polycarboxylic acids. Oiglycidyl ethers of diphenylol propane and polyglyoidyl ethers of 
novolac resins are preferred epoxy resins for the composites of the* present invention, 
so The fibre minfbrcement present in the crosslinked epoxy resan layers of the composite wifl generally be 
present as an unidirectional fibre reinforcement or as a woven fal>ric. The nature of the fibre is not critical 
and may vary widely. The fibres include fibres made ftom glass, cartwn, aramide, boron or aramide. 

The fibre content of the crossiinl<ed ©poxy resin layers will generally be In the range of from 40 to 00% 
by volume and preferably in the range of from 50 to 60% l>y volume. Unidirectional fibre reinforcements are 
55 prefenred. 

When unidirectional fibre reinforcement is applied it is p'>ssible thai the fibre directions in the 
crosslinked epoxy resin iayers are the same, or friat the fibre dimctions in the different layers are random 
with respect to one another. It may be advantageous to have the fibre directions In the different epoxy resin 

2 
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layers orientated according to a specific pattern, for exafnple. sur,h thai the fibre directions in two adjscent 
layers form an angle of 45 degrees whilst the fibre directions in every first and third iayer are orientated 
perpendicular to one another. Also when using a woven fabric as -he reinforcement K is possible to have the 
weave direction orientated according to a specilic pattern. 

Composltas as described hereinbefore wherein the fii^re reinforcemeni in some of layers is a urtdirec- 
«onal fibre irtnlore«i»ent. while in other layers a woven fabric is used, are also considered to fomn part of 
the preiseht Invention, as are those composites wherein a single epoxy resin layer may contain more than 
one layer of reinforcement ^ . ^ 

The polymers of caitwn monoxide wHh one or more otefimcally unsaturated compounds, hereinafter 
referred to as linear alternating copolymers, are ty(»-cally based on an olefinically unsaturated compound 
which is a hydrocaition. They may suitably be copolymers of carbon monoxido and one olaKnlcaily 
unsaturated compound. e.g. ethene or pnipene. Preferably the s.ngie olefinically unsaturated compound is 
ethene. Other suitable polymers Of carbon monoxide with one c more olefinically unsaturated compounds 
are terpolymers of carbon monoxide with two olefinically unsaturated compounds, especially wHh ethene 
and a second- olaflnlcany unsaturated compound such as propene. butene. pentene, hoxene, heplene. 
octena. nonene, docene. dodscene. styrene. methyl acrylste. methyl methacryiate. vinyl acetate. "«denoic 
acid, undecenol, fr^lorohexane. N-vinylpyroRdone and the dleH.yleeter of vinylphoephonlc acid. With said 
terpolymers it Is preferred that ethene Is present as the nuuo> olefinically unsaturated compound. More 
preferably the molar ralio cS ethane to the second olefinically unsaturated compound ranges from 3:1. and 
espaaaiiy from 6:1, tyfrfcally to 50:1. A terpolymer of carbon monoxide with ethene and propene Is a 
preferred terpolymor. ^ . 

The linear polymers of carbon monoxide with one or more olefinicaBy unsaturated compounds are 
known per se. E example from EP-A 1219S5. EP-A 213671. EP-A 229408 and US-A 3914391: l,kew.se 
methods tor the preparetion of said polymers are also l<nown from those references. . ^ , - 

^KSh the com^ of the present hvenfion it Is preferred that the LVN <UmitinQ Viscosity Number) o^ 
the Hnear altematinQ copolymere. is in the. range of from 0.7 to I A dl*. when measured .n m-crBSCl at 80 

' ^ The number of layers of remforced, ciosslinl«ed epoxy resin and of the Bnear altemating ooPo'v^""'^ 
well as the Ihidcnesses of the layers, will be largely determined by the uWrnste reqirtremente^ 
thickness Of the themwplastic polymer layer(s) will be in the '»"9e of 10^ ^"""1^ 
preferably in the range of from 20 to 50 microns, while the thicknesses of the 

resin lay^ will generally be In the range of from S to 15 times the (average) thickness of the thermoplastic 

^'^AimtS'Se composites of the present invention will generally be composed of flat layers of r«-nfo«ed. 
crosX>l«ld epoxy re^n interspaced with one or more flat layers of linear alternating copolymer, it .8 also 
possible for the composing layers not to be flat, but cuwed in one or two directions. 

further aspect of the present invention relates to" a method for the preparation «««["^*f 
described hereinbefore. Said preparation may conveniently comprise stacking layers of ^^J^'^^^ 
cTcSinSble epoxy resin system and layers of the linear aKerr.ai.ng copolymer in an aWamabng an^^ 
mS™ coSig the sLic thus obtained into a composH»= by curing the epoxy resin wh.lst applying 

'^r'SD'nt^'S'iS'Z'^ inven«on the term crossllnl«ble epoxy resin system ■'ejers to a s^rn 
««nprlsli^l the compon«,te which are essential to provide a ..-rosslinked epoxy resjn mafrix. ^ ^ 
can to cSwted by e>oo6in9 such a system to heat, the system Includes, in addition to a crosslinteble 
^J5^^ leS^SJagent Furt«r additives and ingredients may be present an accelerator being 

^^ture*Jrt'<^r2tgent is not critical, and may vary widely in «mpos«on P;«^^« ^^.J 
type wwch in combination with a suitable epoxy resin and opMonally in the presence of an aocele«tor. win 
result after reaction at elevated tsmperature, in a crossnnlced epoxy rertn matrix- 

SuSte ctring agents include ^ino type curing agents, ooron '^'^J'^^'^'^t^^^^ 
agenS!^ nature S^the accelerator, when used, will be determined by the type of curing agent and the 

'^luZS^^Z^'^'^J^^*^^^ are wen known from many publications and Handbooks 
^clu^?: ^r.2id^ori;::^^ins. H.Lee ^ KJ^^^ ^cO^-^. New Vork. f^reover such 
epoxy resin systems are commercSally available as ready-lbr-use c«jmpos.toons. aoDlvino 
One of the problems related to the preparaUon of the composites <>' *« P'^»"» ^^Th^ fno o 2 
the crosslinkabte epoxy resin system to the fibre -'"^r^''*"'" *^,!"!:!;''^^^^^ 
reinfon^ment-conteininfl epoxy -esin system. Hence in the preparahon of the composites Of the present 
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invention it preferred to employ as the reinforcement-contaJning, crosslinkawe epoxy resin a so-called 
prepreg* being a fibre reinforcement which has been impregnated with an epoxy resin system. 

Said impregnation of the reinforcement is conducted in such & manner that the resulting prepreg can be 
stored uniii required for ftiriher processing, e.g. to a finished composite, without requiring the addition of 

5 further ingredient^. The preparation of prepregs In general, and tliose based on epoxy resins in particular is 
known, and moreover such materials are commercially aveilabte. Details regarding the procedures which 
can be followed in the preparation Of said prepregs. as well as the nature of the epoxy resin systems which 
can be employed in the preparation of said prepregs have been described for example in the brochures EK 
4.9.8 (issued June 10$^) and EK 4^ (issued January 1989), which are available from Shell Chemical 

TO Company Ud. Such prepregs possess a degree of coherence an* I have the appropriate degree cf tack and 
thus afford easy handling. 

In the stocking operation which pr^eeds the moulding step, Ihe Interspacing layers of linear alternating 
copolymer of the ultimate composite can bo introduced in the form of e.g. a nwiten layer, a powder or a 
film, or can bo cast from a solution; preferably the linear alternating copolymer Is used in the form of a Rim. 

16 During saW stacking operation, when appropriate, care should be taken tfiat the fibre direction in each 
of the layers of reinforoed epoxy resin system corresponds with the deelred pattern for fibre directions 
throughout the uftimate composite. One or more of the reinforced, cross linked epoxy resin layers of the 
ultimate composite may each be based on more than one layer of fibre reinforcement-containing cnDssiin- 
kable epoxy resin system. Uttder those circumstances the staekino sequence will be adjusted accordingly. 

20 The stacked layers of i^inforcement contaming epoxy resin system and of linear alternating copolymer 
are suitably transferred to a mould of a select size and shape. The mould will generally be brought to a 
temperature which is similar to the temperature at which the resin can be cured and will typically be in the 
range of from 1^ to 200 -C. The temperature may primarily b« governed by the curing schedule of tiie 
epoxy resin system and to a lesser extent by the crystalline melting point of the linear ^arnaiting 

25 copolymer. It is preferred that the mould temperature does not exceed the crystaUine melting point of the 
polymer. 

Subsequent to closing the mould, the contents thereof may txi given sufficient time to reach at least the 
gel stage, which time is primarily related to the thickness of tl^e sample to be moulded, and for example 
can be tesa tlian 1 minute for a 3 mm plate, before gradually building up the pressure in the mould to the 
30 required level The overall mouWing time v^li be related to the naiure of the epoxy resin system, but should 
be suffflcieiit to provide a crossHnked ©poxy resin matrix and good interiaminar adheston at ttie temperature 
of operation. The moulding technique described here is frequently referred to by the term "compression 
moulding^ 

As mentioned hereinbefore It is conceivable tinat for certain applications it may be desirable to have 
35 composites wherein the different layers of crosslinked epoxy resin and the interspacing layers ci tiie linear 

atternating copolymer are not flat but curved- One method to achieve this would be to already introduce the 

shaping during the stacking, e.g. by using a substrate for the stacking operation whteh has the desired 

shape, aiid subsequently tranefemng the resulting stack comprising the shaped layers, optionafly togetiier 

with the shaped substrate, to a suitable moUd. 
40 Altemafively it is possibte to shape the composite after curing, viz. by heating H to a temperature which 

is above the glass transition temperature of the crosslinked epoxy resin matrix and also above the 

crystalline melting point of the linear alternating copolymer. 

The composites of the present Invention not only have sup<irior performance properties compared to 

those of the oonesponding composites wherein the interspacing layers of tiie linear alternating copolymer of 
45 carbon monoxide and one or more olefinically unsaturated compounds are absent, but also compared to 

those wherein the interspacing layers are based on e.g. Nylon S. 

One of the characterising features of the composites of the present Invention is their suipnsing abihty 

Ibr damping vibrations, thus making tiiem potentially valuable outtets for those applioattons where thi^ 

preperty is an important requirement, such as for oenain sportsfiOOds» and In blades for aircraft prt:>pellers 

so and :j!J^^*^|J^^^^^ ^ iiiustr^ed with the following example for which the following information is 

provided. 



ss 



Prepreg 

The prepreg was prepared on a hot-melt prepregger. using an OOP Bi=»A/038 glass roving (2400 t^> ex 
Owens (LSng as the fibre reinforcement and an EPIKOTE D^^104/EPIKURE DX-^06 ^'^nd jex Sh^ 
Chemicals) in a iOO.OA).a weight ratio as the epoxy resin system (EPIKOTE and EPIKUHE are Trademarks). 
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The glass fibre was orientated unldlrectionaily. The prepreg comprised 55% by volume of glass fibre. 

Details of the composition and procedures followed have t.een described in the brochures EK 4.9.8 
{Issued June 1992) and EK 4.9 (Issued January 1989) which ai> available from Shell Chemical Company 
Ud. 

5 

Linear alternating copolymer 

The polymer used was a teipolymer based on ceiton monoxide, ethene and propene. The polymer had 
a crystalline melting point of 214 and a limfting viscosity number of 1.1 dl/g. 
10 The polymer was used in the form of a sHt-extruded film havi^ a thickness of 40 micnans- 

TTiermoplastic polymer for comparative expertment. 

in the comparative e5<perlment a nylon-6 film DAKA, O55 (The Netherlands) was used, having a 
t8 thickness of 25 microns. 

Test procedures 

1) The perforwance characteristics of the composites were nssessed via a -compressten after inipart" 
20 procedure according to the Boeing BSS 728(XJass 1 norm. Laminates of 10.2 x 15.2 cm (4x6 inches) 

were impacted using a falling weight apparatus with a 6.7 kJAm (1500 Inch-iba/inch) impact energy 

The extent of the damage resulting from the impact testing was determined with the aid of the c- 

scan technique. „ ^ 

Subsequent to impacting the samples were compression tested on a lOO tons servo-hydrtilic tensile 

2& tester using the prescribed siqiport rig. . » 1. ^ 

2) Interfacial bonding between the thermoplastic polymer layers and the reinforced, ^ros^inked epoxy 
resin layers was determined via the Interlaminar Shear tejJt carried out according to ISO 4585. To 
accommodate for the difference In thickness of the different types of composite tested, the J^jze 
was normalised to a length and width of 8 and 3.3 times the laminate thickness, respectively. A span 

30 ratio of 5 was used according to the above mentioned test mt^thod. 

Example 1 

16 Layers of the prapreg (22 x 30 cm) prepared a» descril.ed hereinbefore "^^^^^^^^^l 
« 4»0]fc siuenoe with a 40 micron film of said liriear alternating copolymerin b^*^®^^*^' ^.^^^^^ 
SSrTci^preg. TTie formula ««» there te an angle of 45 degrees between the fib^ ^tee^™?^ 

«,^ufiv^»ayera. that the etack compreseea 16 layers of prepreg. that said sequ^ ^ T!^^ 
Sre<Sn^curs twiSin each half of the stack and that the fibie direction sequence in the top and b«tom 
half of the Stack form a mirror Image. ^ ^ « .^^..ir^ /st 

^ Si stacked layers of prepreg and linear alternating copolymer weje ^"^^J^l^TJ 
corresponding dimensions and having a temperature of 160 -C. The mould «as cteed *^J*^20 sea 
meTJssure in the mould was buil^up gradually within 100 sec. to a f^f-^:;:^^^^^^^^^ 
force of 300 KN on the mould. This pressu.^ was maintained for 7 m.nut^ while 
SJmouW temperthire at 160 -C before opening the mould ar.d allowing the composite to cool to ambient 

^ «^pe«i«re^ p,eparalion was repeated a number of time.; in order to have sufftetent malarial a«»liabie 
'STSsuits of the tests to Which the composiies w«e sobrnWed h«« been collected In Tables i and 2. 

60 Comparative experiment 1 . 

The procedure as described in Example i was repeated but omitting the Insertion of the film based on 
the linear alternating copolymer between the layers of prepreg. . ^ ^ , ui«- i .nn » 

T^^p^r^^posU^ were also tested, the data having been included in Tables 1 and 2. 

5S 
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Comparative experiment 2. 

T^ie procedure 9$ descried in Exampi^ 1 was repeated but replacing the film based on tine linear 
ailernating copolymer with a Nyion-6 film of 25 micron thickness. The test results iiave at$0 been included 
5 in Table 1 and 2. 
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Composite 




TTiiclcness mm 


Impact 


Compression 








energy J(incli*ibs) 


damage cm' 


strengtii MPd, 


max load kN 
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4.84 


32.3 (286) 
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4.83 


32.2 (285) 


25 


240 


118 
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4.94 


33.0 (292) 


3.3 


246 


124 






3a 


4.96 


33.1 (293) 


33 


246 


124 




Comp-exp 1 














Specimen 
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4^1 


2a.S (255) 


61 


223 


da 






la 


4J3^ 


28^ (255) 


6.1 


192 


84 
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4.31 


28.8 (255) 


5.9 


196 


86 
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2a 


4.31 


0(0) 




252 


110 
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4.31 


28^ (255) 


6.1 


217 


95 






3a 


4,30 


28.7 (264) 


S.6 


221 . 


97 
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4.34 


28j9 (256) 


66 


215 


95 






4a 


4,34 


28.9 (256) 


64 


214 


95 


30 


Comp,exp 2 














Specimen 
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4.55 


30.4 (269) 


22 


ISO 


6d 






la 


4.55 


30.4 (269) 


20 


158 


73 






2 


4.SB 


30.4 (269) 


21 


137 


64 


35 




2a 


4.56 


30.4 (269) 


18 


136 


64 



■ indicate? that both specimens originate from the same oomposito sample. 



40 Tabid 2 



Composite ILS$"> (iWPa) 




0* 


90^ 


Example 1 


44 


45 


0)mpex 1 


45 


45 


Comp ex 2 


32 


38 



^ interiaminar shear streng th 

50 

From the data presented in Tables 1 and 2 It can be concluded that the composites wherein the 
reinforced, crossllnKed ©poxy resin layers are interspaced with a layer ol a linear alternating copolymer do 
indeed have superior performance properties when compared wfth the non-inlers paced composites and 
those composites wtierein the Interspacing layer of ^ermoplas-tic polymer Is based on Nyion-6. The 
^ improved interlamlnar shear strength measured for the composites which contain layers of the linear 
alternaiing copolymer supports that the Increased damaoe-toleran'^e of these composites is the result of an 
improved adhesion between the crosslinked epoxy resin and the linear alternating copolymer, as compared 
with the composite which comprises Nylon-6. 

6 
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Claims 

1. A composite comprising two or mor9 layers Of flbre-refnt >rcGd, crosslinked epoxy re3?n. wherein 
adjacent layers of the reinforced, crosslinked epoxy resin are interspaced with a layer of a thermoplas- 
6 tic polymer, which thermoplastic polymer comprises a linear polymer of carbon monoxide with one or 
rrwre olefinically unsaturated compounds wherein the monomer units originating in carbon monoxide 
and the monomer units originating in olefinically unsaturated compounds are present in an alternating 
anrangemenL 

to 2. A compostte as claimed in claim 1. characterteed in that the: linear polymer to a copolymer of carbon 
monoxide and one olefinically unsaturated compound, preferably ethene. 

3. A composit© as claimed In claim 1. characterised in that the linear polymer Is a terpolymer of carbon 
monoxide with two olefinically unsaturated compounds. pr<iferably ethon© and propone, which are 

IS suitably present In a molar ratio of at least 3!l, and in particular at least 8:1 . 

4. A composite as claimed In any of claims 1 to 3. characteristsd in that the linear polymer has a limiting 
viscosity number (LVN) in the range of from 0,7 to 1 .8 dl/g, measured in m-cresol at 60 • C. 

A composite as claimed in any one of claims 1 to 4, characterised in that the epoxy groups erf the 
epoxy resin are glycidyl ether or glycidyl ester groups, glyciOyi ether groups being prefemed. 

A composite as claimed in claim 5, characterised in that the ©poxy resins are diglycidyl ethers of 
diphenylol propane or polyglycidyl ethers of novolac resins. 

7 A composite as claimed In any one of claims 1 to 6, chara(:teri$ed rn that in each of the crosslinked 
epoxy ream layeis the fibre reinforcement Is present as a unidirectional fibre reinforcemerit or ^ a 
woven fabric, the fibi« content of the crosslinked epoxy resin layers being in the range of from 40 to 
60% by volume, preferably in the range of from 50 to 60% volume, 

a A composite as claimed in any one of claims 1 to 7. characterised in that the thlclai^s of the 
interspace layer(s) of the linear polymer is In the range ol from 10 to 100 microns and preferably m 
the range i^om 20 to 50 microns, and the thicknesses of th- reinforced crosslinked epoxy resin layers 
are In the range of from 5 to 15 times the (average) thicknes^s of the linear polymer layer(s>. 

^ 9. A process for the pmparation of the composites as claimed .n daim i. which comprises stacking layers 
STS,rr^orced. S^Hnkable epoxy resin system and one or more layers of the in^ ^'^l^'l 
an alternating arrangement, and converting the stack thus obtained into a composite by cunng the 
epoxy resin whilst applying pressure onto the stacked layers 

10 A process as claimed in claim 9, characterised in that the fibre-reinforced, crosellnkable epoxy resin 
tSem i an ep^ resin system based prepreg and In th.t the layer of the linear polymer ,a used In 
the form ol a polymer film. 

11. A process as claimed in claim 9 or 10. characterised In that the curing is conduced ;^^';:Sn matrS^ 
the range of from 125 to 200 and for a time sufficient U) provide a crosslinked epoxy resin matnx 
and good intertaminar adhesion at the temperature of operation. 
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